The phylogenetic location of hemichordates is unique because they seem to ®ll an evolutionary gap between echinoderms and chordates. We report here characterization of Pf-otx, a hemichordate ortholog of otx, with its embryonic and larval expression pattern. Pf-otx is initially expressed in the vegetal plate of the blastula. Expression remains evident in the archenteron through gastrulation and then disappears. A new expression domain appears near the mouth along the preoral and postoral ciliated bands in the early tornaria larva. q
Results
Hemichordates occupy a critical phylogenetic location as they exhibit both echinoderm-like and chordate-like morphological characteristics (e.g. Nielsen, 1995) . Therefore better understanding of the ontogeny of hemichordates will provide insight into the evolutionary nexus between the variety of deuterostome body plans. The larvae of echinoderms and hemichordates show considerable morphological similarity to each other, leading to the conceptualization of a hypothetical`dipleurula larva', as an archetype of these two phyla (Garstang, 1928; Nielsen, 1995) .`Dipleurula larva' also has been considered as an archetype of chordates, and a relationship between the ciliated bands of`dipleurula larva' and the chordate neural tube has been pointed out (Garstang, 1928; Crowther and Whittaker, 1992; Nielsen, 1999) .
The homeobox gene, otx, has been demonstrated to play a highly conserved role in the head development in animals (for review see Finkelstein and Boncinelli, 1994) . Among chordates, expression of the otx genes in early embryos can be summarized as showing two conserved domains, the anterior mesoendoderm and the anterior neurectoderm (Simeone et al., 1992 (Simeone et al., , 1993 Wada et al., 1996; Williams and Holland, 1998) . From non-chordate deuterostomes, only sea urchin otx genes have been reported (Li et al., 1997; Mitsunaga-Nakatsubo et al., 1998) . Sea urchin otx mRNA does not show prominent spatial localization before gastrulation. As development proceeds, it begins to exhibit a relatively intense expression in archenteron and oral ectoderm of gastrula.
In this study, we isolated a hemichordate otx ortholog and studied its embryonic expression pattern. We termed the gene Pf-otx (Ptychodera flava-otx). Its orthology to other otx homeobox genes was veri®ed by speci®c conserved amino acid residues within the encoded homeodomain (Fig. 1) .
Cleavage of P.¯ava is holoblastic and radial with the embryo developing into a hollow blastula (Had®eld, 1975; Tagawa et al., 1998a) . Pf-otx expression is observed prior to gastrulation. At the blastula stage, Pf-otx is expressed in the vegetal plate ( Fig. 2A) . This expression continues until the mid-gastrula stage with hybridization signal being detected in the entire archenteron (Fig. 2B±D) . As gastrulation proceeds, the region of positive signal becomes narrower, and by the late gastrula stage, the signal is restricted to an equatorial band of the archenteron (Fig. 2E, arrowhead) . This vegetal plate-originated zone of expression disappears by the early tornaria stage.
A new expression domain appears in the ectoderm near the mouth and becomes more intense as the tornaria larva develops. Fig. 2F shows an oral view of an early tornaria larva with two latitudinal bands of positive hybridization signal (arrowheads) on both the animal and the vegetal sides of the mouth. Later, Pf-otx expression appears as four latitudinal bands on the tornaria larva (Fig. 2G,H,  arrowheads) . In Fig. 2G ,H, the upper two bands of signal near the mouth run parallel to the preoral ciliated band, while the lower two bands of signal are in parallel along the postoral ciliated band. The Pf-otx hybridization signal was mainly observed in the oral side of tornaria; however, a 
